MATERIALS AND METHODS
We examined reproductive characteristics of snakes from 1988-1992 during a mark-recapture study in central Texas. Most data were gathered at Lake Ballinger, Lake Spence, and two locations on the Colorado River. The physical characteristics of these sites and the study region have been described previously (Greene et al., 1994) . Because of the endangered status of the organism and the need to gather concurrent demographic data, all sampling was nondestructive. Snakes were captured by hand or with funnel traps. Snout-vent length (SVL), tail length, mass, and sex were recorded for all captured snakes. Female reproductive condition was assessed by palpation to determine the presence of enlarged follicles or embryos. Females were judged nonreproductive if captured during June or July with no discernible follicles or embryos; gravid females were never observed before mid-May. Litter size was estimated by counting palpated follicles. This method accurately depicts litter size in other species with similar body and clutch sizes (Seigel and Fitch, 1985; Farr and Gregory, 1991) . Postparturient females were identified by their emaciated appearance (Fitch, 1987) .
During 1990 and 1991, we sampled cloacal fluids and examined them for sperm to evaluate ? 1999 by the American Society of Ichthyologists and Herpetologists sexual maturity in males and recent mating in females. Samples were obtained by gently massaging the abdomen just anterior to the cloaca and collecting expelled fluid on a microscope slide. Each slide was then air-dried, lightly stained with methylene blue, and examined under 100X magnification for the presence of sperm. These or similar methods have been previously used to detect sperm in both sexes of various snake species (Fitch, 1987; Hailey and Davies, 1987 ). Because we could not examine oviducts, the minimum SVLs for females containing cloacal sperm and/or determined to be gravid were used as a conservative estimate of female reproductive maturity. Both measures indicate similar minimum SVL sizes at maturation (see Results).
Annual estimates of litter size and the proportion of reproductive females were used to evaluate variation in fecundity. We examined relationships between litter size and female SVL with separate linear regressions calculated for each study site, using data from all years, and for separate years within sites. Comparison of litter sizes among samples was evaluated using analysis of covariance (ANCOVA) with female SVL as the covariate when sample sizes were sufficient. Variation in the annual proportion of adult females that reproduced was analyzed using a chi-square test of independence (Sokal and Rohlf, 1981) .
A total of 27 gravid females (two in 1988, 10 in 1990, and 15 in 1991) was collected and held for a maximum of 40 days prior to parturition. Captive females were individually housed in plastic terraria (61 X 32 X 32 cm) and offered minnows twice weekly. Within 24 h of parturition, we measured SVL to ? 1.0 mm and weighed (+ O.lg) females and their offspring and determined the sex of the neonates by manual eversion of the hemipenes of males. Dates of parturition also were recorded. We calculated total litter mass (TLM) as the sum of the masses of live and stillborn neonates. Litter size of captive females was recorded as the sum of live neonates, dead neonates, and undeveloped eggs. This method was used because it better relates captive litters to palpation estimates and provides the least variable estimate of litter size (Farr and Gregory, 1991; Gregory et al., 1992). Relative clutch mass (RCM) was calculated by dividing TLM by postpartum female mass (Shine, 1980 
RESULTS
Sexual maturity, mating, and parturition.-Of 132 males examined, motile sperm were present in cloacae at a minimum of 380 mm SVL, and all males above 420 mm SVL contained sperm (Fig.  1) . Of 154 females examined, the minimum size containing cloacal sperm was 460 mm SVL.
The presence of sperm in the cloacal fluid of mature females (n = 126) indicated that reproductive activity occurred mostly during April and May and secondarily in October (Fig. 2) . Only three females showed evidence of fall mating, and all were maturing individuals too small to breed the previous spring. No postparturient females showed evidence of fall mating.
Parturition dates of 27 captive-born litters ranged from 3 August to 22 September, with 92.5% of births occurring by 30 August. These dates correspond well with field observations; neonates appeared at most study sites by 10 August. The earliest evidence of parturition was a postpartum female observed on 27 July. The earliest neonates were observed in the field on 29 July. Assuming that mating approximates the Table 1 .
Data for female SVL and litter sizes at the four principle study sites are provided in Table  2 During 1988-1992, 85.3% of all adult females were gravid, varying from 79.5% to 88.8% (Table 4). The annual proportions of gravid and nongravid females were not significantly different (X2 = 3.68, P = 0.45, df = 4). Larger females were more likely to be gravid than smaller conspecifics (Table 5) ; the mean SVLs of gravid and nongravid females, 579.7 mm and 513.9 (Fig. 4A) . Neonate mass ranged from 1.5-4.1 g (mean = 3.8 g), with consistently greater variation than SVL (mean CV = 7.7%, Fig. 4B ). Ranges and CVs of withinlitter neonate SVL were not correlated to litter size or total litter mass.
Regression analyses evaluating the relationships between female size and litter characteristics indicated that larger females had larger (P < 0.0001) and heavier (P < 0.0001) litters. The mean litter mass for 27 captive females was 40. site-specific differences in female size-litter size relationships. Female SVL was typically a stronger predictor of litter size within individual sites. Gregory and Larson (1993) observed that high intrapopulational relationships between female SVL and litter size in Thamnophis sirtalis were obscured when the data were pooled. We also found annual differences in female SVL-litter size relationships within sites. Although female SVL explained over 80% of the variance in litter size in each of two successive years at Blair Ranch, annual relationships between these variables were different, reducing explained variation in litter size when the data were combined ( Table 3) . As noted by Gregory and Larson (1993), future descriptions of snake reproductive characteristics should consider intersite variation.
A potential basis for site-specific differences in reproductive characteristics in N. h. paucimaculata was differences in food resources among lake and river systems (Greene, 1993; Greene et al, 1994) . Ford and Seigel (1989) showed that litter size increases with food consumption in Thamnophis marcianus supporting various field studies that have tied prey availability to changes in litter size (Andren, 1982; Andren and Nilson, 1983; Seigel and Fitch, 1985) .
The timing of parturition in N. h. paucimaculata may influence neonate foraging success. Scott et al. (1989) reported that young N. harteri occupied riffle habitats which provided substantial foraging opportunities. Juvenile N. h. paucimaculata consume riffle-dwelling minnows, particularly the red shiner (Notropis lutrensis) and bullhead minnow (Pimephales vigilax; Greene et al., 1994), which achieve peak population levels when water levels are lowest in late summer (Parker, 1964; Farringer et al., 1979) . The simultaneous occurrence of low water levels, maximal prey numbers, high ambient temperatures, and parturition should enhance the foraging success and survival of neonates. In fact, neonates born early in August may nearly double in body size prior to hibernation (Greene, 1993) . The timing of parturition in relation to prey availability may hold substantial adaptive value given the importance of neonate foraging success on first year survival in snakes (Parker and Plummer, 1987; Volkl, 1989) . Early parturition may also be selectively advantageous to adult females by increasing postpartum foraging time to allow greater body mass recovery prior to hibernation.
Frequency of reproduction, as measured by the annual proportion of breeding females, is high in N. h. paucimaculata (85%) as has been reported in other Nerodia (Seigel and Ford, 1987 We observed significant within-litter sexual size dimorphism in neonates with females exceeding males in SVL. Similarly, neonate Thamnophis sirtalis exhibit sexual dimorphism in head size due to inhibitory effects on growth by androgens in males (Shine and Crews, 1988) . In contrast, Seigel (1992) reported males to be longer than female siblings in Regina grahami. These and other recent studies (e.g., Charland, 1988) suggest that sexual size differences in neonate snakes may be more common than previously thought.
We observed a higher mean RCM (0.466) than has been previously reported in Nerodia. Barron (1997) reported means for multiple years and study sites ranging from 0.28 to 0.43 (estimated from figure) in N. sipedon. We also recalculated RCM using both female mass and litter mass in the denominator for comparison with other studies, yielding a mean value of 0.314. This estimate exceeded all mean values (range 0.112-0.289) for Nerodia reported in a literature review of snake RCM (Seigel and Fitch, 1984 ) and a subsequent report of 0.300 by Plummer (1992) for N. rhombifer. The RCM value of 0.164, reported by Seigel and Fitch (1984) for N. harteri, was calculated from a single large female with a very small litter (Conant, 1942) and does not seem to reflect typical female reproductive effort in this species. Our data indicated RCM to be independent of maternal SVL, which is typical of snakes in general (Seigel et al., 1986) .
Values of fecundity, RCM, and frequency of reproduction suggest that female reproductive expenditure is relatively high in N. h. paucimaculata. Theoretical models predict that levels of reproductive expenditure in iteroparous organisms should balance trade-offs between current and future reproductive effort (Stearns, 1976) . In reptiles, these trade-offs are likely to involve fecundity and survival (Shine, 1980; Shine and Schwarzkopf, 1992) . Recent evolutionary models of reptilian reproductive effort suggest that current reproductive effort should be maximized when the potential of future fecundity is low (Shine and Schwarzkopf, 1992). Demographic data for N. h. paucimaculata suggest survival rates of < 5% to age five for both sexes (Mueller, 1990; Whiting, 1993) . Because females do not reproduce until age two or three (Greene, 1993) , their number of reproductive opportunities is limited. Thus, high reproductive expenditure may be required to offset low annual survivorship in N. h. paucimaculata.
